ipsilateral hemiscrotum due to arrest along the path of embryologic descent during development. [1] It is a common congenital urologic anomaly found in boys, with an incidence of 4% at birth which decreases to about 1% of boys at age 1 year.
Pre-operative testicular localisation is beneficial in the management of undescended testes. [2] Confirmation of the existence of the testis is reassuring to the patient and his guardians. The extent of surgical exploration may also be determined by the site of the testicle. If the testis is not present in the inguinal-perineal region, the treatment options-laparoscopy or laparotomy can be rationally discussed with the parents pre-operatively.
Localisation of the testes may be achieved by various diagnostic techniques including physical examination, radiological investigations and laparoscopy. [3, 4] Laparoscopy is highly sensitive in detecting nonpalpable undescended testes. [5, 6] However, it is not widely available in resource -limited settings such as ours. Physical examination may fail to localize the undescended testis in obese children and when the testis is intra-abdominal or intracanalicular. [2] Abdominal and inguinal sonography for evaluation of undescended testis is appealing because it is cheap, non-invasive, has no risk of ionizing radiation and does not require sedation or general anaesthesia. Its routine use however, remains controversial with some authors considering it inaccurate and hence unnecessary. [2, 4, [7] [8] [9] [10] [11] There has been no prospective study in the West African sub-region to ascertain the usefulness of ultrasonography in the pre-operative localisation of undescended testes in children. In other to fill this gap in literature, we describe our experience with the use of ultrasonography in the pre-operative assessment of children with undescended testes. 
PATIENTS AND METHODS
We prospectively studied all boys between age 6 months and 15 years who presented at the paediatric surgical out-patient of our institution with undescended testes from July 2010 to June 2011. Boys who had had previous inguinal surgery or who had co-existing anterior abdominal or life threatening congenital anomalies were excluded. Clearance was obtained from the ethics committee of the Lagos University Teaching Hospital before commencement of the study and parents/ guardians of all participating children gave consent before inclusion.
The boys were all examined at the clinic by the first author and subsequently had ultrasonographic assessment at the Radio diagnosis department of the Lagos University Teaching Hospital (LUTH). The sonographic assessment was performed by a Senior Radiologist before each patient was operated upon. The Radiologist was blinded to the clinical examination findings. Each patient was subjected to pre-operative ultrasound evaluation using a 7.5 mHz linear array transducer (Aloka 3500 Pro scan Japan, 2005 model). The inguinal canal, pelvis and abdomen were scanned. When the testis was not seen in these regions, the suprapubic, perineal and femoral regions were assessed to rule out ectopic sites. In unilateral cryptorchidism, sonography was performed initially over the normal testis and then over the course of undescended testis to give an idea of the echo-texture. Each child was then prepared for surgery under general anaesthesia. An inguinal approach was employed for the groin exploration but this was extended proximally for the high inguinal or intra-abdominal testes. Orchidopexy or orchidectomy was performed based on the findings at surgery.
Data recorded included patients age at surgery, physical examination, ultrasound and intra-operative location of the testes as well as treatment offered. Ultrasonographic findings were subsequently compared with intraoperative findings. Standard definitions of accuracy, sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) were used to ascertain the diagnostic value of ultrasonography. [12] Other analyses were performed using the Statistical Package for Social Sciences (SPSS) version 16, (SPSS Inc., Chicago, IL). A P-value of ≤0.05 was considered significant.
RESULTS
Forty boys with 52 undescended testes were studied (28 were unilateral while 12 were bilateral). The mean age of the boys at the time of surgery was 4.0 ± 0 years (range 1-11 years).
A total of 22 (42.3%) of the testes were palpable while 30 (57.7%) were non-palpable. Forty-six (88.5%) testes were localized pre-operatively by ultrasound-20 of 22 (90.9%) palpable testes and 26 of 30 (86.7%) non-palpable testes. On pre-operative ultrasound the testes, 42 (80.8%) of the undescended testes were visualized within the inguinal canal, 4 (7.7%) were intra-abdominal while 6 (11.5%) were not seen [ Tables 1  and 2 ].
On the total, 45 (86.5%) of the undescended testes were found within the inguinal canal, 4 (7.7%) were intra-abdominal while 3 (5.8%) were not seen [ Table 2 ]. Forty-four (95.7%) of the testes localised pre-operatively by ultrasound were found at surgery while 2 (4.3%) were absent [ Table 3 ].
Comparison of ultrasound and intraoperative location is as shown in Table 3 . Forty-four testes were accurately localised pre-operatively by ultrasound-20 of 22 (90.9%) palpable testes and 24 of 30 (80%) non-palpable testes. 
Statistical values
Ultrasound evaluation had an accuracy of 86.5%, sensitivity of 89.8%, and specificity of 33.3%, PPV of 95.7% and a NPV of 16.7% in pre-operative localisation of undescended testes.
DISCUSSION
Opinion is divided on the value of ultrasonography in pre-operative localisation of the undescended testis. Some authors recommend it for its feasibility and potential to settle the subsequent operative procedure. [2, 4, 7, 8] Others are sceptical because of poor outcome for non-palpable undescended testes, and because ultrasound does not exclude the necessity for laparoscopy or surgical exploration. [13] [14] [15] Ultrasound location corresponded with intraoperative location in 45/52 (86.5%) of cases in this study. There was no significant statistical difference between accuracy of pre-operative localisation by ultrasound and intraoperative localisation (P = 0.113) whereas physical examination findings were significantly less accurate than intra-operative localisation (P = 0.000) [ Tables 4 and 5 ].
The sensitivity and accuracy of ultrasound assessment in this study (89.8% and 86.5% respectively) were higher than values obtained in some other studies. Komine et al. [14] in Japan (1988) obtained sensitivity and accuracy of 82.6% and 84.6% respectively while Phewplung et al. [15] in Bangkok, Thailand (2010) reported a sensitivity of 82% and accuracy of 79% respectively. These high sensitivity and accuracy imply that ultrasound is reliable in pre-operative location of the undescended testes.
The two false positives seen on ultrasound in this study reduced its specificity and PPV. The specificity (33.3%) was worse than what was reported by Daghighi [4] in Iran (2006) and Komine (Japan) [14] who both observed specificity of 100%. False-positives on pre-operative ultrasound may occur if the sonographer is inexperienced or mistakes enlarged inguinal nodes for undescended testes. Although there was no case of lymphadenitis in this series, the sonographer was observed to improve in accuracy as the duration of the study progressed.
The 5 testes missed on ultrasound reduced the sensitivity to 89.8% and the NPV to 16.7%. These may have led to needless laparotomy or laparoscopy as 4 of the testes were located inguinally (at the deep ring) and only 1 was abdominal in location. They were however, all treated without recourse to laparotomy. There is need for caution when ultrasound is negative as previously observed by Phewplung et al. [15] However, Nijs et al. (Netherlands 2007) [8] did not record any false negatives despite the large sample studied in their series (135 patients) probably because of the experience of the sonographer. It is worthy of note that the testes were palpable in 2 of these 5 cases. Combining clinical examination findings with ultrasound may thus, reduce the errors from this modality.
The high sensitivity and PPV and the low NPV and specificity in this study show that whereas ultrasound may reliably predict the presence of undescended testes, it is less reliable in predicting its absence. This implies that a negative ultrasound result in a child with undescended testes does not preclude further evaluation by laparoscopy or surgical exploration. However, the fairly high accuracy of ultrasound in this study suggests that such cases may be few and manageable.
Ultrasound evaluation in this study doubled preoperative localisation of undescended testes from 42.3% by physical examination to 86.5%. The improvement is even more evident in non-palpable testes where USS correctly localized 26/30 (86.7%) of the nonpalpable testes. This allayed the anxiety of parents of these children and additionally aided the surgeon in properly planning the surgery without recourse to laparascopy or other expensive and sophisticated diagnostic techniques. 
